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USE  OF  THE  BUILDING  LOADS  ANALYSIS 
AND  SYSTEM  THERMODYNAMICS  PRO- 
GRAM TO  PERFORM  TOTAL  ENERGY 
SYSTEM  ANALYSIS 


1 INTRODUCTION 


Background 

Recogni/.mg  that  total  energy  systems  offer  the  po- 
tential for  more  effieient  use  of  scarce  fuel  resources, 
the  Department  of  Defense  (DoD)  in  1974  issued  a 
documentl  that  rc\|Uired  careful  study  of  the  feasihil- 
ity  of  total  energy,  selective  energv . and  built-up  lieat 
pump  systems  for  major  new  construction  and  reliab- 
ilitation  projects.  Following  DoD's  action,  the  Office 
of  tile  C'liief  of  Fngineers  (O('F)  issued  instructions- 
(iiereinaftei  referred  to  as  "OCF  Instructions")  to  sup- 
plement the  directive  and  provide  additional  guidance 
for  preparing  feasibility  studies. 

Implicit  in  the  predictions  of  energy  savings  and  the 
reriuirement  to  study  total  energy,  selective  energy, 
and  built-up  heat  pump  systems  is  the  assumption  that 
the  potential  perlormance  ol  these  systems  can  be  pre- 
dicted accuiatcly  and  that  such  systems  can  be  de- 
signed to  operate  :ii  peak  efficiency.  In  the  past,  the 
approach  to  designing  energy  systems  was  to  satisfy 
peak  demand  without  regard  to  part-load  performance 
or  variations  in  load  pioliles.  .Mthough  peak  demands 
must  usually  be  satisfied,  the  use  of  peak  demand  alone 
is  particulaily  unsatisfactory  when  considering  total  en- 
ergy systems.  Both  load  variations  and  part-load  perfor- 
mance greatly  affect  total  energy  system  efficiency, 
and  thus  must  be  considered  in  the  design  and  perfor- 
mance analysis,  fhe  criteria  for  system  evaluation  must 
be  based  on  annual  energy  consumption  and  not  the 
ability  to  meet  peak  demand.  Since  the  analysis  must 
be  made  on  an  liouily  basis,  manual  calculation  of  load 
profiles,  equipment  performance,  and  economics  is  too 
difficult  and  tedious  to  be  practical. 

The  use  of  a computer  program  for  performing 
these  hoiiily  performance  calculations  is  the  only  feasi- 

t Ctinstntclion  Criltria  .\hmial  42  70.1- 

t/  1 1 lepjrlmenl  ot  Detense.  I .r  Seplciiitser  1974). 

in'iih  t-nm'  liisrrm  lii’in  Inr  I’ri’paralinn  n)  l■'^•a!iihiUt\ 
Stu.h,  s Inr  Inhil  I i/itim  , .SV/i'i  r/i  i / iirruv,  ami  Heat  hinipSyn- 
ft  >n\  Kllli^v’  ol  the  i hiel  ot  I tutineers.  I .luty  I97.S). 


ble  approach.  However,  theie  are  several  uifficulties  in 
this  approach:  (1)  existing  computer  progiams  for 
making  these  calculations  are  not  directly  available  to 
Corps  of  F.ngineeis  designers;  ( 2)  the  piopiietary  pio- 
giams  available  are  difficult  and  expensive  to  use.  can- 
not be  directly  used  by  Corps  Distiicts,  and  are  oiten 
inacciiiate  in  one  oi  moie  ol  the  calcnlalion  inodes; 
and  t.i)  iheie  is  no  methodology  foi  applying  coinptiler 
programs  to  a total  energy  study. 

Objective 

The  objective  of  this  research  was  to  develop  energy 
and  life-cycle  cost-analysis  tools  and  a computer-aided 
design  method  for  District  Fngmeer  ix'rsonnel  and 
their  architecl/engineers  to  use  in  assessing  the  perfor- 
mance of  candidate  total  energy  systems,  and  for  opli- 
mi/.ing  total  energy  system  performance  in  the  design 
phase  in  accordance  with  requirements  of  DoD  Manual 
4270. 1 -M  and  OCF's  supplemental  instructions. 

Approach 

The  first  step  is  meeting  the  research  objective  was 
to  develop  a user-oriented,  fast-running  computer  simu- 
lation program  for  total  energy  systems.  Existing  com- 
puter programs  were  evaluated  and  the  best  available 
program  was  procured  and  modified  to  conform  with 
the  modeling  lequirements.  including  the  requirement 
that  the  program  interlace  with  building  load  predic- 
tions and  air  distribution  models  developed  under  sep- 
arate .‘\rmy-  and  Air  Force-funded  work  units.  This 
simulation  program  is  described  in  detail  in  a two-vol- 
ume IJ.  S.  Army  Construction  Fhigineering  Research 
l.aboratory  (CF.RL)  draft  report  entitled  The  HuilJing 
l.oaJs  Analysis  and  Syslein  Thermodynamics  l*rogram 
(HI. AST)  Program.  Volume  I is  the  User  Instructions, 
and  Volume  II  is  the  Program  Reference  Manual.-^ 

The  second  step  was  to  study  several  good  total  en- 
ergy studies  and  develop  a methodology  for  systemati- 
cally analy/.ing  candidate  total  energy  systems  so  that 
the  optimum  .system  configuration  could  be  established. 

Finally,  this  report  was  prepared  in  order  to  de- 
scribe systematically  the  methodology  for  using  the 
BLAST  program  so  that  the  optimum  total  energy  con- 
figuration can  be  determined  and  energy  and  life-cycle 


*|).  ('.  Ililllo.  /7)c  HuiUmg  loads  .Analysis  and  System 
Tlicnnodvnaniirs  (HI  AST!  I’rograin.  Volume  I;  User  Instrnc- 
lions  and  Volume  II : Program  Reference  Manual.  Dral'l  l eelini- 
eal  Report  (1.  S.  .\rmy  Construction  I ngineerine  Research 
laboratory.  1977). 
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Losts  can  be  compared  with  those  of  a conventional 
system. 

( Iiapier  2 brielly  describes  the  t'eaturesof  the  BLAST 
program,  Cltapter  3 provides  guidelines  for  using  the 
program  during  the  performance  of  feasibility  studies, 
and  Chapter  4 outlines  methods  of  using  it  for  detailed 
equipment  and  system  performance  evaluations  neces- 
sary for  Ihial  design. 

Scope 

I'his  report  provides  guidelines  for  using  the  BLAST 
program  to  perform  lotal  energy,  selective  energy , and 
heat  pump  studies,  and  final  design  calcidations.  The 
report  does  not  provide  detailed  instructions  for  pre- 
paring inputs  for  the  program;  these  are  presented  in 
the  BLAST  User  Instructions.  Instead,  this  report  fo- 
ctrses  on  the  selection  of  candidate  systems  and  the  in- 
terpretation of  program  output,  with  the  aim  of  optiin- 
i/ing  the  systems  used  for  comparative  study  and  the 
system  finally  selected  for  field  implementation. 

The  methods  described  herein  provide  in  part  the 
necessary  tools  for  complying  with  the  OCE;  Instruc- 
tions. 

2 THE  BLAST  PROGRAM 

General  Description 

The  BLAST  program  is  a comprehensive  computer 
program  for  estimating  hourly  space  heating  and  cool- 
ing requirements,  hourly  performance  of  fan  systems, 
and  the  hourly  performance  of  a central  plant,  total 
energy  plant,  and/or  solar  energy  system.  Figure  I illus- 
trates the  general  program  fiow.  Apart  from  its  com- 
prehensiveness. this  program  differs  in  four  key  re- 
spects from  similar  programs  that  have  been  used  for 
total  energy  studies. 

1.  rile  BLA.ST  program  uses  extremely  rigorous 
and  rietailed  algorithms  to  compute  both  building  loads 
and  system  performance.  Many  of  the  methods  used 
are  based  on  the  .American  Society  of  Heating.  Refri- 
gerating, and  Air-Conditioning  tngineers  (ASHRAli) 
algorithms;4.  5 however,  many  new  algorithms,  which 

■^I'rmrJtirr  pir  Ihrirminine  Heating  and  Cooling  Loads  /or 
I ointniieri:ed  l.ncrgv  Calculations  I.ASIIRAI  . I ebruary  I ')7S). 

'^Lrocctliircs  tor  Simulating  the  Fcrjurmance  of  Compon- 
enfi  and  Svstems  tor  I ncrgy  Calculations.  Vi.  I . .Sloeckcr,  ed.. 
>r.l  ed  ( \SIIR-M  . 1'I74|. 


represent  improvements  in  the  ASllRAE:  methods, 
have  been  included. 

2.  The  program  employs  its  own  input  language, 
which  permits  rapid  input  preparation  in  a completely 
unformatted  Knglish-like  style.  This  language  contains 
a library  of  all  materials,  wall  and  root  sections,  and 
their  properties  found  in  the  ASllR.AL  Hundhook  of 
Futhlamentals The  user,  by  referring  to  these  build- 
ing components  by  name,  is  freed  from  the  tedious 
task  of  inputting  scores  ol  numbers  for  each  space  or 
building.  Similarly,  the  use  of  default  equipment  pei- 
forinance  parameters  permits  the  user  to  investigate 
generic  systems  easily  and  rapidly. 

3.  The  program  execution  time  is  extremely  brief, 
making  the  study  of  many  alternative  concepts  relative- 
ly inexpensive. 

4.  The  program  is  not  proprietary  and  is  therefore 
open  to  inspection  by  its  users  and  those  who  are  to 
rely  on  the  results  generated. 

Simulation  Capabilities 

The  BLAST  program  requires  the  general  type  ol  in- 
put data  described  in  Sections  6 througli  d of  the  OCL 
Instructions,  i.e..  ccupancy,  ligliting.  and  equipment 
usage  schedules.  < escription  of  the  building(s).  system 
design  variables,  hourly  climatological  data.  etc.  De- 
tailed descriptions  of  data  requirements  and  input  pre- 
paration are  presented  in  the  BLAST  User  Instructions. 
The  simulation  methods  are  outlined  in  the  User  In- 
structions and  documented  in  detail  in  the  Program 
Reference  Manual, 

In  addition  to  calculating  the  space  loads  and  simu- 
lating a range  of  air-handling  systems,  the  BLAST  pro- 
gram is  capable  of  simulating  any  thermodynamically 
feasible  system  consisting  of  any  or  all  of  the  following 
central  plant  components: 

1 . Diesel  engine  generators 

2.  Gas  turbine  generators 

3.  Steam  turbine  generators 

4.  Centrifugal  or  reciprocating  chillers 

5.  Absorption  chillers  (both  one- and  two-stage) 


^llandhtmk  ot  h'undamcntals  (A.SIIRAK,  I47’|. 
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Figure  I . Mow  diagram  toi  llie  HI  \S1  program. 
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‘k  Hill  llieimal  eiiei^y  sloi.ute 
It)  Ciild  iliei m.il  eiierey  siiiiaue 
I I . t iilits  eompaiiy  puwei 

1 1ms  with  the  c.\i.eplKm  ol  engme-dnven  heal  pumps 
and  heal  pumps  u-iuig  waste  engine  heal,  the  program 
usei  eaii  eonliguie  all  ol  the  systems  desenhed  m ihe 
IK  I hisliueiions.  laiei  veisions  ol  III  A.SI  will  m 
i.lude  Ihe  reipmed  additional  heal  pump  .system  simu- 
lalion  lapahihly  .Note  that  geneiie  models  lot  eaeh 
. ompoiient  Il1a^ed  on  data  Iroin  several  manuracturers) 
aie  preseni  m ihe  model,  but  the  usei  may  vary  one  or 
more  sets  of  eepiipmenl  perlormanee  parameters  to  al- 
low the  rigorous  eimulalion  ot  a parlieular  manulaelur- 
ei'-.  proehrer  this  perrmi'  the  user  to  study  generie  to- 
tal energy  plant  eonriguialion  (diesel  vs.  gas  turbine, 
lor  esamplel  during  the  piehimnaty  phases  ol  the  pro- 
leet  without  developing  detailed  ei]uipmenl  perlor- 
manee parameters.  During  the  liiial  design  phase,  de- 
lailed  data  eaii  be  used  to  assess  any  perlormanee  vari- 
ations that  may  exist  among  dillerenl  iiianulaelurers. 

In  addition  to  peilornianee  analysis  ol  variously 
eoiiligtiied  eenfral  energy  plants,  the  1U  .\SI  program 
eoniputes  hle  cy  ele  costs  ol  each  system  option  selected 
on  the  basrs  ol  user-su()phed  or  delaull  capital  cost, 
mainlenaiice  cost,  operating  cost,  and  ulthly  rate 
schedulee  Ihe  HI  \S1  program  uses  Ihe  (H  I hle-cycle 
eostiiig  method  outlined  in  the  ()(  I Instructions. 

Delaull  cost  data  have  been  provided  only  as  a 
convenience  lor  useis  who  wish  to  become  lamihai 
with  the  cvonomi.  X ol'  various  options.  I'scrs  should 
Hill  ussiiiuc  llul  llusc  daht  arc  or  will  remain  valid  lor 
their  pailicul.it  application. 

Ihe  principal  outputs  Itotii  the  Hh.ASr  program 
( see  Chapter  } I are  ( I ) monthly  totals  ol  pertinent  en- 
cigy  dem.inds.  (2)  luel  or  utility  consumptions  (always 
converted  (o  .source  energy),  and  (d)  equipment  use 
statistics  (average  part-load  ratio  and  number  ol' hours 
ol  operation  per  year  lor  each  plant  component)  and 
hle-cycle  cost  summaries. 


3 USING  THE  BLAST  PROGRAM  FOR 
CENTRAL  ENERGY  PLANT  STUDIES 


Procedure 

.-\s  with  any  complicaied  engineeiiiig  problem,  the 
study  ol  central  energy  plains  requires  engmeeimg 
liidgmenl  lire  procedures  described  below  ilhisiiale  a 
slep-by-slep  approach  loi  coiiphiig  eiigirieeimg  (tidg- 
meiit  with  coiiqiiitei  calculalions  dial  has  been  success- 
lully  applied  to  the  study  ol  ventral  energy  plants. 

.S7c/>  / l)h  ain  Required  liqnit  Data  Jor  I'rcdiclim; 
lluildiiixrlsi  Load  Projilcs 

Ihe  Hist  step  in  peiloiming  a ceiiiial  energy  plant 
analysis  is  to  deleimmc  the  eneigy  demanded  m the 
building  /ones  oi  spaces.  Ihe  lil  A.Sl  program  uses 
weather  data,  user-supplied  use  pioiiles.  and  the  user's 
desciiplion  ol  Ihe  building  to  compute  the  hourly  /one 
eneigy  demands. 

Hourly  climatological  data  lor  an  .ASHKAl  "Test 
Keleience  Year  " are  available  lioiii  the  Nalioiial  Oce- 
anic and  .Alniospheiic  .Adimmsl lalion  ( \0.-\,\  I Ashe- 
ville, \C.  Tor  some  (it)  sites  in  the  I iiited  .States  Addi- 
tional sites  and  years  aie  also  available  Irom  NO.A.-\  and 
Irom  the  .-Air  Force  Alt  Weather  Service.  Fedeial  agen- 
cies and  persons  engaged  in  lederally  luiided  studies 
should  contact  CLKL  toi  assistance  in  obtaining  (he  re- 
quired weadier  data.  The  HI  .AST  program  requires  that 
the  wealhei  data  be  compuieri/ed  in  the  NO,-\.A  "1440 
Series"  rormal.  Hourly  solar  radiation  data  in  NO.AA's 
"dSO  Series"  rormal  can  also  be  iiseil  with  the  hourly 
weather  data. 

In  addition  to  the  weather  data,  user -supplied  use 
profiles  ol  space  occupancy,  lighting,  miscellaneous 
equipment,  and  inliltialion  must  also  he  provided.  Note 
that  these  schedules  do  not  include  energy  requiretl  for 
heating  and  cooling  (i.e..  Ians.  pump,  chillers,  etc.), 
since  these  energy  demands  will  be  computed  by  Ihe 
program.  Section  6 ol  the  0('F.  Instructions  outlines 
procedures  lor  oblaiiiing  building  use  data.  If  available, 
measured  data  from  similar  buildings  should  be  used. 

The  user  must  also  supply  a /oiie-by-/.one  descrip- 
tion of  Ihe  building  or  buildings  under  consideration. 
This  description  includes  basic  data  about  the  proper- 
ties of  Ihe  building  walls,  roofs,  window's,  floors,  etc., 
and  a definition  of  the  internal  loads  and  temperature 
control  in  each  space.  Note  that  this  input  is  consider- 


ahly  simplitlod  by  the  availability  of  pi edetmeir  walls, 
rouls,  lloors,  windows,  materials,  etc.,  in  the  program 
library.  Fhe  building  plans  and  the  ASIIR.AL  llaiul- 
hook  oj  i'widamciilah  are  the  majoi  sources  of  infor- 
mation used  111  mpiitling.i  building  deseiiplion. 

Step  ( vi’  /)'/  I.S  /'M  Ohhiiii  Spui  c l.iiiiih 

When  the  leipiired  data  have  been  assembled  and 
eorieetU  loimatted.  the  HL.ASI  program  should  be 
used  to  obtain  the  space  loads,  fhe  user  can  run  the 
program  in  the  design-da>  mode  to  simulate  a series  of 
days  with  eslieme  Idesign)  weathei  conditions.  I'he 
output  liom  these  inns  will  deieininie  the  sizing  ol 
heating  and  cooling  ei|uipnienl  1 he  design-day  inns 
should  be  lollowed  by  a 1-year  siniulalion  to  prepare 
for  systems  sinuilalioii  runs  and  to  provide  mfoiniatioii 
about  the  distiibulion  and  magnitude  of  space  energy 
demands.  Hie  output  lioiii  the  progiam  should  be  care- 
fully inspected  to  determine  the  t>  pe  oi  types  ol  an 
distribution  systems  and  system  zoning  which  will  meet 
the  space  denu'ids  most  efficiently 

In  many  cases,  buildings  being  sindied  as  tot.il  ener- 
gy selective  energy  III  SI  I candidates  have  not  vet 
been  consitucled.  I he  HI  ASI  piogiam  can  be  particu- 
larly uselul  in  these  cases,  since  it  peiniils  study  ol  the 
ellecis  ol  building  aicliileciuie  on  space  energy  de- 
mands. Users  should  take  advantage  ol  this  lealure  by 
examining  design  options  such  as  building  orientation, 
glass  area,  wall  and  roof  construction,  space  usage  and 
temperature  control,  and  the  use  of  shading  overhangs 
to  minimiz.e  the  space  energy  demands.  Krequenlly,  the 
increased  costs,  if  any.  ol  energy -conservative  building 
design  can  be  oflset  by  reduced  costs  of  smaller  healing 
and  cooling  systems,  l-ven  m the  case  of  existing  build- 
ings, retroHl  options  such  as  adding  insulation,  instal- 
ling storm  windows  and  shading  devices,  reducing  infil- 
tration, or  modify  ing  lighting  loads  and  ^pace  tempera- 
lure  control  should  be  examined  as  methods  for  mini- 
mizing the  sp.icc  energy  demand. 

Step  J:  Siiniilalc  Air  Pistrihiaion  Syxtciits 

When  the  peak  and  hourly  space  energy  demands 
have  been  determined,  air-handling  systems  for  the 
building  should  be  siinulaled  to  determine  energy  de- 
mands on  the  central  energy  plant.  If  the  buildings  are 
siill  undei  design,  several  different  air-handling  systems 
should  be  examined  to  determine  which  systems  will 
meet  the  space  demands  most  efficiently.  In  many  ap- 
plications. variable  air  volume  systems  produce  the  best 
results,  since  they  reduce  Ian  energy  consumption  and 
minimize  ventilation  air  heating  and  cooling  require- 
ments. In  the  case  of  existing  buildings,  relatively  inex- 


pensive control  or  fan  system  modifications  can  often 
signiricantly  leduce  energy  consumption. 

Step  4:  Simulatv  a Conwiuioml  Central  itwruy  l‘laiit 

All  I l.'.Sl,  studies  iei|ime  invest igation  ot  a conven- 
tional cenlial  healing  and  cooling  plant  as  .1  basis  loi 
coniparmg  cost  and  encigy  use  ol  II  SI  systems  Hy 
simulating  conventional  systems  liist.  valuable  mloini.i- 
tion  can  be  obtained  lor  identily  ing  candidate  I 1.  SI 
systems. 

( onveiitional  systems  usually  consist  ol  one  01 
more  boilers  aiul  chilleis.  Ihe  chillers  aie  diiveii  with 
puichased  electricity,  and  the  boileis  aie  poweied  by 
purchased  fossil  fuels.  Double-bundle  chilleis  (heal 
pumps  I may  also  be  [larl  ol  a conventional  system. 

The  output  from  the  simulalion  of  the  selected  an 
distiibution  systems  provides  the  houily  demand  foi 
hot  water  or  steam,  chilled  water,  and  electricity  foi 
lights  and  miscellaneous  equipment.  I bis  output  should 
be  reviewed  before  selecting  the  coiiiponenis  and  sizes 
loi  a convenlioiial  plant  simulation,  l-.quipment  use  sla- 
lislics  are  paiticularly  useful  foi  establishing compoiieni 
size.  Hy  examining  the  distribution  of  the  aii  systems' 
energy  demands,  the  piopei  iiumbei  and  size  of  boileis 
and  chilleis  can  be  selected  to  insure  efficient  part-load 
perfoimance  ol  the  cenlial  eiieigy  plant,  l or  most 
large  energy  plants,  the  selection  of  a single  large  boiler 
or  chillei  w ill  usually  esult  m poor  efficiency  because 
ol  reduced  componeni  efluieiicy  undei  part  load. 

Given  that  several  smallei  boilers  and  chillers  are  se- 
lected, how  optimal  Ihe  chosen  central  energy  plant 
coiiriguration  is  can  be  established  by  reviewing  the 
output  of  a HI  .\S1  simulalion  of  the  plant.  .Again, 
equipment  use  statistics  provide  valuable  information 
for  conriguriiig  a more  efficient  central  energy  plant. 
Tor  example,  if  the  simulalion  output  indicates  that 
peak  demand  is  much  lower  than  the  sum  of  the  com- 
ponent capacities,  then  smaller  or  fewer  components 
should  be  selected.  If  (he  peak  demand  matches  Ihe 
capacity  but  Ihe  average  part-load  ratio  is  small,  (hen 
large  components  should  be  replaced  with  several  smal- 
ler components.  Ahern  ilely,  thermal  energy  storage 
(hot  or  cold)  can  be  used  to  reduce  peak  demand  and 
permit  the  selection  of  smaller  componenis. 

.Several  iterations  through  the  central  energy  plant 
simulation  piocess  may  be  required  to  arrive  at  a near- 
optimal  configuration.  This  is  an  important  step,  since 
comparisons  between  conventional  and  I T/ST  plants 
will  be  valid  only  if  the  conventional  plant  is  properly 
configured. 


I 


Sti/y  5 Simuliilc  a Diesel  lineine  (leiierulor  I'otijl  i.n- 
<rvr  l‘Uml 

\ iliOM.'!  oii.miio  gcncraloi  lolal  ciK-rgy  plain  svill  al- 
most always  In.'  the  most  elTiaeiil  type  available  lor 
eoiiskleiaiioti  and  is  one  that  must  he  simulated  ae- 
eording  to  the  ()(  II  Instruelions  The  procedure  lor  de- 
lenmning  the  best  diesel  plant  conligmatioii  is  similar 
to  ihat  descrihed  above  lor  conventional  systems.  I he 
major  new  lactors  which  must  now  be  cottsidered  are 
the  miniher  and  si/.e  ot  diesel  engine  generators  to  be 
used  and  the  appropriate  mix  ot  absorption  and  electri- 
cal chiller  capacities. 

lo  begin  the  det'inition  ot’  a candidate  diesel  system, 
the  electrical  and  thermal  energy  demand  summaries 
Iron)  the  conventional  system  simulation  should  be  re- 
viewed. 11  there  is  a conti:uiousl>  higli  thermal  energy 
requirement  for  purposes  other  than  cooling  (as  in  a 
hospital,  for  example),  then  absorption  cooling  may 
not  be  desriable.  The  first  candidate  system  would 
therefore  consist  of  several  diesel  engine  generators 
iwitl.  heat  recovery)  and  the  same  mix  of  various  boil- 
er and  chillei  sizes  as  in  the  near-optimal  conventional 
s\  stem 

.Selection  ot  the  smallest  increment  of  diesel  genera- 
tor capacity  is  a matter  of  judgment  and  includes  con- 
sideration of  reliability  as  well  as  part-load  plant  per- 
formance. .\s  a first  estimate,  the  conventional  plant 
energy  consumption  data  may  be  reviewed  and  the 
inejii  demand  of  the  month  with  the  lowest  electrical 
con-umption  may  be  used  as  the  smallest  size  incre- 
ment It  may  he  advantageous  from  an  operation  and 
m.unlenance  standpoint  to  select  several  identical  die- 
sel engine  generators.  Ihe  number  ol  generators  can 
thus  be  established  by  referring  to  the  peak  electrical 
demand  given  as  output  fioni  the  conventional  plant 
simulation. 

When  the  numhei  and  sizes  ol  components  for  this 
fi'^t  candidate  syslein  have  been  selected,  the  plant 
should  be  siniulaied.  .\gain.  belter  configurations  can 
be  selected  by  leviewing  eneigy  consumption  and 
equipment  use  statisiKs  from  the  simulation.  The  num- 
bei  and  sizes  oi  diesel  generators  can  be  adjusted  to 
achieve  .'ptiinal  average  part-load  operating  ratios  as  was 
done  toi  cliilleis  in  the  conventional  system.  If  Ihe  out- 
put from  the  first  candidate  system  simulation  shows 
higli  (|uanlities  of  unrecovered  waste  heal,  particularly 
111  months  where  cooling  demands  occur,  then  a new 
plant  shouM  be  configured  which  includes  a mix  of  ab- 
sorption and  electrically  driven  chillers.  .A  first  estimate 
1)1  a desirable  ratio  ol  absorption  to  electrical  chiller 


capacities  may  be  obtained  by  consideimg  Ihe  respec- 
tive chillei  coefficients  of  peiloimance  and  Ihe  lalio  of 
power  production  lo  available  waste  heal  for  the  diesel 
engine. 

Slep  6:  Simulale  a Has  Turhine  Generator  Total  Tner^v 
Plant 

Although  less  eflicient.  gas  turbine  generalois  may 
have  certain  cost  advantages  over  diesel  engine  genera- 
tors and  must,  therefore,  be  considered  m a 1 T.'Sl: 
study.  The  procedure  for  selecting  a good  gas  turbine 
generator  plant  follows  exactly  that  which  was  out- 
lined tor  a diesel  plant.  Huis,  the  results  of  the  diesel 
plant  simulations  can  provide  a good  point  of  depar- 
ture for  simulating  a gas  turbine  system. 

Step  7:  Simulate  Steam  Turhine  Systems 

Wliile  steam  turbine  generating  plants  are  generally 
more  efficient  than  gas  turbine  plants,  they  have  limit- 
ed small-scale  applicability  due  lo  high  capital  and 
maintenance  costs  and  limited  equipment  availability. 
In  marginal  cases,  one  simulation  of  a steam  turbine 
generator  plant  will  usually  be  sufficient  to  indicate 
whether  such  plants  deserve  detailed  study.  If  the  re- 
sults are  positive  from  an  energy  or  economic  view- 
point. the  optimum  configuration  can  be  established  as 
previously  described. 

Step  S:  Simulate  Seleetiie  Tnergy  and  Total  I nergy 
Systems  With  7\eo  or  More  T.ngine  Types 

Hie  study  ol  selective  energy  systems  and  lolal  en- 
ergy systems  with  two  or  more  engine  generaloi  types 
(a  mix  of  gas  and  steam  turbine  generators,  for  exam- 
ple) introduces  many  new  design  variables  and  vastly 
enlarges  the  number  of  possible  plant  configuialions. 
Thus,  the  systematic  deteniimation  of  "optmiar 
systems  becomes  much  more  difficult. 

•Selective  energy  systems  aie  usually  configured  in 
one  ol  two  ways'  I I ) by  base  Kiading  the  selective  en- 
ergy plant  and  nieeling  peak  elecliical  loads  with  put- 
chased  utilities,  ot  (J)  by  meeting  all  or  part  of  the 
base  electrical  load  with  puichased  power  and  meet- 
ing peak  load  with  the  selective  energy  plant.  The  first 
option  will  produce  the  most  efficient  selective  eneigy 
plant  operation  but  may  be  unacceptable  lo  the  local 
utility.  Several  simulations  of  this  configuration  should 
be  perlorined  using  smallei  or  fewer  diesel,  gas  turbine, 
or  steam  generators  than  were  used  previously  m simu- 
lating total  energy  plants.  When  these  simulations  are 
performed,  the  total  chilling  capacity  will  not  change, 
but  the  ratio  of  absorption  to  electrical  chilling  capaci- 
ty will  be  reduced. 


IV-ikiiii;*  willi  a NoLvilvc  ciKMf;\  plant  slioukl  gi'iiL'i- 
ally  ho  oDiisuloied  only  when  utility  demaiul  oliarges 
are  Itigli,  and  only  it  thoiinal  domands  are  sniridently 
Inglt  during  peak  eleotrieal  demand  periods  to  permit 
the  plant  to  operate  etfieiently  . A peaking  plant  sluruld 
also  bo  oonriguiod  to  moot  at  loast  a small  Iraotion  ol 
tlio  baso  load  to  avoid  oporational  problems.  I’oaking 
plants  rei)uno  substantial  capital  investment  lor  rela- 
tively small  tiiol  savings,  since  the  ei|uipmoiit  will  bo 
l iilK  nsod  din  ing  only  a l i act  ion  ol  the  building's  oper- 
ating hlo. 

riio  criiorion  loi  oiiuipniont  seioction  and  system 
ilolinition  loi  total  oiiergv  s> stems  with  two  or  iiioio 
ongmo  typos  is  usually  ocoiioinics  ralhei  than  plant 
oiricioncy  Idiosol  plants  are  almost  always  the  most 
olficionK.  Total  onoigy  systems  with  two  or  moio 
ongmo  types  aio  trei|iiontly  considered  when  existing 
oi|uipmenl  (e  g.,  emotgoncy  genoralors)  can  be  incoi- 
poialod  into  a now  total  energy  plant  coiiTiguration. 

.■Mihough  the  specific  guidelines  provided  lor  total 
energy  plants  cannot  be  iigoroiisly  applied  to  selective 
energy  and  total  energy  plants  with  two  oi  more  engine 
types,  the  BLAST  program  is  sulTicienlly  inexpensive 
and  easy  to  use  to  peimil  the  simulation  of  many  can- 
didate systems  This  eniimeialive  approach  will  permit 
the  nsei  to  establish  hle-cycle  cost  ireiids  lor  v.irious 
selective  eiieigy  and  lol.il  energy  systems  h.iving  two 
111  iiioie  engine  types  .iiul  thus  .niive  at  .1  iie.ii-oplnnuni 
contiguiatioii.  Kigorons  compuiei  opinni/ation  meth- 
ods are  curienlly  iindei  development  but.  in  the  near 
term,  iiitnilion  and  engineering  judgment  lake  on  add- 
ed importance  in  the  study  of  selective  energy  and  to- 
tal energy  central  sy  stems  having  two  or  more  engine 
types. 

Su  i>  y I VC  till’  Sinmialioii  Results  to  Rank  CanJUati 
Syshnis 

Kecalhng  that  life-cycle  cost  compiiialion  is  part  of 
e.icli  B1  AS  I simnl.ilion.  il  is  now  possible  to  rank  each 
c.indidalc  system  accoiding  to  its  ovei.ill  efficiency  and 
scp.ii.ilely  .iccoiding  to  its  hle-cycle  cost  (compared  in 
both  c.ives  to  the  conventional  .system).  This  ranking 
will  l.icihl.ile  the  application  ol  feasibility  ciileria  and 
peiniil  icleclion  ol'  the  system  to  be  used  loi  niial  de- 
sign 

Su(|<jestioiis  for  Lffoctively  Using  BLAST 

\s  ihc  pieviously  described  procedure  Indicates,  the 
HI  ASI  piogram  is  extremely  user-oriented.  Two  im- 

'Meeliiu'  pe.ik  ilein.imts. 


poitaiit  suggestions  to  assist  nr  developing  sound  iisei 
habits  are  outlined  below. 

1.  Perform  as  many  simulations  as  the  job  requires. 
When  building  loads  and  an  distribution  system  perloi- 
mance  have  been  determined.  I -year  central  plant  sim- 
ulations will  cost  appio.ximately  S.'  to  SI  5 each,  de- 
pending on  computer  charge  rales.  Hits  cost  is  incon- 
sequential when  compared  to  the  overall  cost  ol  (easi- 
bilily  studies  and  the  design  and  constiuction  ol  central 
energy  plants. 

2.  Be  piactical  in  conliguimg  candidate  systems. 
Tveii  though  a componeni  of  any  si/.e  can  be  simulated 
by  Bl  A.SI,  ihete  is  lillle  point  in  simulating  systems 
that  cannot  be  built.  Il  would  he  useless,  loi  example, 
to  simulate  a total  energy  plant  which  included  several 
ISliO-k\\  steam  tuibme  geiieiatois  unless  geneiators  ol 
that  si/e  weie  being  manufaclured. 

4 USING  THE  BLAST  PROGRAM  FOR 
DESIGN  CALCULATIONS 

After  choosing  the  best  candidate  total  energy  or  se- 
lective energy  system  and  deciding  to  pioceed  with  de- 
sign. the  design  engineer  can  use  the  Bl  .ASI  piogiain 
111  peiliiiiil  111. my  ol  ihe  necessary  cakiilalions  ici|iiiied 
III  t/ic  liiul  design  piiHcss  Ihc  pinicipal  ihlleiencc  in 
apply  me  ihe  piogi.nn  tor  design  calculations  lalhei 
than  loi  leasibihty  studies  is  that  specific,  ralhei  than 
generic.  coni|)onents  will  be  studied. 

Most  ol  the  design  variables  tor  TL.'SL  systems  have 
been  roughly  established  dining  the  study  of  system 
feasibility.  Lhiis.  Ihe  sl/e.  number,  and  type  of  genera- 
tors and  other  components  should  not  be  changed  radi- 
cally during  the  final  design  phase.  The  equipment  per- 
formance  parameters  should  be  modified,  however,  to 
siiniilaie  moie  accurately  the  diflerences  among  com- 
ponents maniilacluied  by  different  companies. 

Ihe  equations  used  m simulating  the  peiformance 
of  components  in  BL.A.ST  are  usnally  expressed  as  pro- 
ducts ol  quadratics  or  polynomials  ol  a single  variable; 
iheiefore.  the  equipment  peiformance  coefficients  can 
be  deter  mined  by  simple  oiie-dimensioiial  ciiive  fillings. 
I Ins  IS  pailiculaily  convenienl.  since  most  maiuifaclui- 
eis  present  the  data  on  componeni  peifoimance  as  one- 
dimensional  cinves  01  tables  where  all  vaiiables  except 
one  are  fixed.  In  the  case  of  a diesel  engine,  for  exam- 
ple. the  following  equations  are  used: 


I.? 


"1 


elect  1 1C  eiieigy  ‘Hitpiit  t uel  energy  input  = 

A|  t A:  X 1*1  K + A.i  X IM.R-  (Kq  1| 

where  t’l  R is  pait  louil  raim.  and  A;  , Ai.  and  Aj 
are  equipment  peitorinance  pararneteis. 

recoverable  jacket  heat/tuel  etiergy  tnput  = 

B|  t U:  X Pl.R  +By  X PLR^  Ihq  :| 

where  B|  . By.  and  By  are  equipment  perrotmattce 
parameters. 

recoverahle  hihe  oil  Iteat  I'liel  energy  input  = 

('l  t Cl  X I’l  R + Cy  X Pl.R^  |Kq  3) 

wheie  ('i.  (.1.  and  Cy  ate  equipment  pertormance 
paiaineters. 


clck  tru  jl  lojd 
generator  capakUy 


par  I load  ratio 


total  eshaust  heat/t'iiel  energy  input  = 

D|  + [)y  X PLR  + Dy  X Pl.Rl! 


|Hq4l 


where  U| . I)y,  and  Dy  are  equipment  pertormance 
pararneteis. 

exliaust  gas  temperature  duel  energy  input  = 

h,  + V.1  X Pl.R  + By  X Pl.Rd  |Pq  5| 


wheie  h I . h.y. 
paiaineters 


and  l-.y  aie  equipment  perfortnatice 


lire  dtesel  geneiator  model  uses  the  tnput  electrical 
load  and  engme  generator  st/e  to  compute  partdoad 
ratio  (PI  Rl  I q 1 is  then  used  to  compute  tuel  energy 
inpnt  Iu|s  2 and  .1  are  used  to  compute  recoverahle 
lacket  and  liihe  oil  heat.  I inally.  h.qs  4 and  5 are  used 
with  the  IJdaclor-aiea  product  lor  the  e.shausi  gas  heat 
eschanger  to  compute  the  recoverable  es.haiist  heal, 
lire  letl  sides  ol  the  equations  indicate  the  manulactur- 
ers  curves  or  tables  that  must  he  obtained  lor  diesel 
engine  generators  to  derive  the  equipment  pertormance 
parameters  Note  that  simple  iranslorniations  in  the 
loiin  ol  the  maniiraclurers' curves  maybe  required.  Bor 
example,  the  data  required  to  determine  A].  Ay.  and 
Ay  tor  B.q  1 might  be  presented  in  the  t'orin  of  fuel 
uoiisuinpiion  versus  kilowatt  electrical  load.  In  this 
. ase.  the  transformation  required  is: 

electrieal 

lelerlrieal  loaill  fk)  energy  output 

rtiiel  cnnsuinpttonnhe.il  conteni  ist’t'uel)  tuel  energy  input 

where  K is  a constant  to  convert  the  ratio  to  consistent 
units,  .ind 


Ihe  following  example  illustrates  the  procedure  lor 
generating  equipment  perloimance  coellicients  lor  a 
specilic  diesel  engme  geneiatoi 

Example*: 

riie  data  for  a h.^O-kW  ebullient  diesel  engine  gener- 
ator presented  m I able  1 were  obtained  Iroin  the 
inanufaclurei 

■Also  Iroin  the  manulacliirei 

lube  heat  (Btii,inin)=  b,4  X horsepower 

fuel  consumption  (Bin 'mini  =1.1  (exhaust  heat 
+ jacket  heat  lube  heal  + aiix  heal  + work) 

The  first  step  in  determining  Ihe  equipment  perfor- 
mance coefficients  is  usually  to  determine  A|  . Ay.  and 
Ay  of  Bq  I.  However,  because  of  the  way  these  data 
are  presented,  luel  consumption  cannot  be  determined 
directly,  and  the  several  calculations  requited  will  pro- 
vide data  for  computing  the  other  coefficients  first. 

Step  I . Determine  exhaust  gas  temperature.  Althougli 
the  exhaust  gas  temperature  is  not  given,  it  can  be  de- 
termined from  the  follow  ing  equations: 

total  exhaust  gas  heal  at  ^K)°B  = in  c,,  ( I i.  ')0i 

recoverable  exhaust  gas  heat  of 

.H)0°B  = 111  Cp  (Ti-  .MtO) 

where  m is  the  exhaust  gas  mass  How  rate.  Cp  is  the 
exhaust  gas  specific  heat,  and  1 1 is  tlie  exhaust  gas 
teinperaturc  in  °B. 

After  dividing  one  eqiration  by  the  other  ami  rearian- 
ging 

90  (recuverilrtc  esliausl  gas  lieal  at  .100  1 ) 

Tp  ;; 

recoverable  exhaust  heat  at  .100  I- 

■too  (total  exhaust  gas  Ileal  at  hlTl 

total  exhaust  gas  heal  al  90  F 

At  100  percent  load,  for  example 


_ 90(170,30)  .t()0(.D‘)(i0) 

’■  170.SO  .11900 


*To  prevent  confusion,  SI  eqimalenls  are  not  given  lor 
units  in  this  example  the  applic.ihle  conversion  laclois  are 
I Kill  = 1 l).S5  kJ.r  I .t’l  .1/9  - (' 
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iIk'  pioicss  iimiiu  m.imiUKtiiioi  s il.iij  lor 
otlioi  p.iit-li);Kl  ratios  jtivos  Iho  losiilis  pK-sitnlorl  m I a- 
hic 


oi 


' I ‘>(i0 

III  i „ - . ---  - ('fs  I 4 Hui  null  1 

I S>'l  0() 


Stop  J.  Dotoriiiiiio  o\liaiisl  uas  licat  \oto  that  tlic 
oxliaiist  itas  heal  is  not  oqtial  to  llio  tolal  I0|00l0il  lioat 
at  ^>0°l  1 lie  iiiiiiilror  loiititicd  is  ilto  total  luiml'oi  ol 

Hill’s  loaviiii!  the  eiigiiio  in  llio  o\liaiisi  jtas  poi  iiiiiuilo 
(snioo  ratios  will  ulliinaloK  he  nsoil.  it  does  not  niatlor 
wlieilier  Hut  iiiin  or  Hin'lii  aio  used  as  loiift  as  the 
same  iiiiils  arc  used  consistently ) Hus  nunibei  equals 
111  Op  ( I | dd)  since  dd°h  is  the  base  leiiiperattne  loi 
enllialpy  calcnlalions.  Since  1|  is  known.  oiiK  in  ..p 
imisl  be  round  in  oidei  to  compute  esliausl  it.is  beat 
llie  niaiuiracltirers  data  can  be  iiscnl  to  do  iliis  by  noi- 
inj;  Ibal 

total  exhaust  itas  heal  at  40°['  = m Cp  ( 1|  'hi| 
hoi  lot)  peiceni  load, 

in  Cp  (.ss'>  *>l)|  = 1 ,')(i(i 


Hills,  ihe  tolal  heal  conleni  ol  the  exhaust  gas  at  IIK) 
peiceiil  load  is 

oK  I4(xs'i  dd.l  .ss.oidHtu  mill 

Kepealmg  the  piocess  loi  othei  pail  load  lalios  gives 
the  lesulls  III  I able  .v 

Step  .'  Heieimme  lube  oil  heal  I he  nianulacluiei 
indicates  that  lube  heal  is  a hne.n  liinclion  ol  load  on 
the  engine 

lube  heal  ( Hlii  nun)  x 4 ■ k\\  • I .'4  HI’  kVV 

1 Ol  the  odli  kV.  geneiatoi  set.  this  percent  lesiilts  iii 
the  lieuies  in  I able  4 

Siep  4 Deleinune  lackel  heal.  Hie  picket  heat  is  de- 
leinuned  by  siibiiacinig  Ihe  lube  heal  liom  column  4 
ol  the  niaiuilactmei's  data.  Table  ,S  gives  the  lesults 


Table  1 

li.xample  Maiuifaclurer's  Data 

1 

Percent 
1 oad 

1 otal  \ \haust  (ias 
Ileaf  Kejected  at 
40  1-  (Kui  min) 

Recoverable  1 \haus! 
(ias  Heat  at  500  1 
(Btu  min) 

4 

Jacket  & Lube 
Heat 

(Btu  min) 

Work 
(Rill  min> 

6 

Aiix  Moat 

(Pumps.  I ans,  etc.) 
(Btu  mini 

inn 

51  .‘)(»n 

I7.(.5(l 

25.400 

55.N20 

1 1.12S 

75 

24. ^sn 

12.411) 

1 S.400 

2b.H70 

S..S2II 

sn 

! 7.n4n 

«.07n 

1 2.500 

17.410 

6.760 

I n.iSjn 

4.02(1 

5.400 

K.4(,0 

4,470 

I able  : 

Fxliaust  Has  Temperature  for  Various 
i’art-Load  Ratios 


IVrconl  Pari  Load 


1 oad 

Ratio 

l xhaust  (ias  lemperaturc 

100 

1.0 

554  I 

inin'R 

75 

-75 

5.U»  1 

>)‘)6'’R 

50 

.50 

4S4'| 

>»49"  R 

25 

.25 

424'’! 

KR4"R 

o 

7: 

II 

0 

+ 4(10) 

l ablo  3 

Lxhaust  (ias  Heal  for  Various  I’arl-Load  Ratios 
I’ereenI 

l.oad  Part  laiad  Kalio  l xhaust  Has  Ileal  (Klu/min) 
inn  III  .TS.'ti: 

7.5  ,7.s 

.Sn  ..Ml  .11,142 

2.5  .2.')  26,712 


I 


W 


Table  4 

Table  6 

Lube  Heat  for  Various  Part-Load  Ratios 

Fuel  Consumption  for  Various 

Percent 

Part- Load  Ratios 

1 oaJ 

Pan  L.oad  Ratio 

kW  l.oad 

l.lihe  Heat  (Btu/min) 

Percent 

100 

1 0 

6 50 

.^002 

laoad 

Part  Load  Ratio 

fuel  I'.nergy  (Blu'iiiin) 

n 

7.S 

475 

2091 

too 

1.0 

1 19.086 

50 

.50 

515 

1996 

75 

.75 

97,798 

25 

.25 

157 

995 

50 

.50 

74,955 

25 

55 

50.646 

1 able  5 

Jacket  Heat  for  Various  Part-Load  Ratios 
Percent 

l oad  Part-Load  Ratio  Jacket  Heat  (Ktu/min) 

100  1.0  :i408 

75  .75  15009 

50  50  10507 

55  55  7>)05 

Slop  5.  iJcMerinioe  fuel  coiisiiinplion.  llavmj:  coin- 
piilej  llie  e.xliaiist  heat,  jacket  heat,  and  lube  Iteal  and 
usmii  the  auxiliary  energy  and  work  energy  given  by 
the  mantitactiirei , the  fuel  eonsuinption  can  he  eoinpu- 
ted  on  the  basis  of  the  forimila  provided  by  the  nianii- 
taetiirei 

fuel  consumption  -1.1  (exhaust  heat  + jacket  heat 
+ Itibe  heat  + atix  heat  + work) 

I able  ()  piesenis  the  fuel  consumed  lor  various  part- 
load  latios. 

Step  (v  Normah/e  lesulls.  The  various  heat  lates  (jac- 
ket heat,  lube  heal,  exhaust  heat. electrical  power)  must 
be  divided  by  the  fuel  mpul  rate  to  get  data  into  form 
lot  cuive  filling,  lable  7 shows  the  results. 

electrical  power  = k\V  X .'415  Htu.'kW-hr  -p— 

bO  mm 

Step  7.  I ll  data  to  obtain  equipment  performance 
coetticienis  Five  jiaiabohc  equations  are  needed  to 
simulate  diesel  engines.  These  equations  are  of  the  form 
y = ail  * aj  X X .ijxj  In  lilting  an  eqiialion  to  the  vari- 
ous data  sets,  the  x’s  are  always  part-load  ratios  and 


the  y 's  are  the  ntimbers  in  coluiiins  5.  4.  .5.  (s,  and  7 of 
Table  7.  .Many  programmable  calculators  and  almost  all 
computet  centers  have  program  packages  for  doing  this 
simple  curve  fit.  The  formula  for  parabolic  curve  fitting 
can  be  found  in  any  good  slalislics  text,  such  as  that 
by  Mood  and  Graybill.7  Tables  S through  1 2 show  the 
results  of  the  legressions  for  the  sample  data  and  the 
coefficients  for  Fqs  1 througli  5. 

The  BL.XST  user's  manual  presents  details  of  the 
procedures  required  for  curve-filling  manufacturers' 
data  to  obtain  equipment  performance  parameters  for 
each  lyjie  of  component  and  describes  how  to  input 
these  coefficients  to  oveiride  the  delault  values. 

From  the  example,  it  can  be  seen  that  considerable 
number  iiianipulalion  may  be  necessary.  This  problem 
can  be  simplified  by  asking  the  equipment  nianufac- 
ttireis  to  provide  the  performance  coelficients.  or.  as  a 
iiimimum.  by  asking  that  the  data  be  provided  in  the 
proper  lorm  to  permit  direct  parabolic  curve  fitting 

In  addilion  lo  the  equipment  performance  parame- 
lers.  other  design  vaiiables  such  as  ciiilled  water  lem- 
perature.  condensei  walei  tempetature.  and  tempera- 
ture ot  the  exhaust  gas  leaving  heat  recovery  equip- 
ment. can  be  varied  to  deteriiiine  optimum  design  con- 
ditions. 

The  simulation  of  specific  components  duimg  the 
design  phase  should  reveal  the  magnitude  ol  any  effects 
on  annual  energy  consumption  caused  by  diffeient 
btands  of  equipment  and  should  permit  specification 
of  the  most  efficient  or  cost-effective  components. 


7..\  ,M  Mimd  and  I ,\  (trayliill.  Introduction  to  the 
Thcorv  of  Statistics  iM'tirawllill.  1965) 
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Tjblc  7 

Norinali/od  Data 


1 

■> 

4 

P;irt  1 <Uii 
Ratio 

1 xliausi  t*j> 

1 cinix'raturc  K 

rUxtric  P»mer 
<K(u  nun) 

Hi'itrii  Povu’r 
1 UL‘I  Input  Kate 

t 1) 

ini'* 

'Ml 

7S 

2S.S7M 

:t>s 

^0 

1 ” .wi  1 1 

: v» 

25 

HS4 

177 

5 

6 

7 

|-  xhaust  Heat  Kate 
1 ui‘l  Input  Kate 

Jacket  Heat  Kate 
l uel  Input  Rate 

l.uhe  Ileal  Kale 
1 uel  Input  Kate 

>11 2 

IKO 

014 

163 

.o.tl 

4I(» 

l>K 

.ll’7 

.527 

(P>7 

o’o 

I able  X 

Ueelrieal  Power  l iiel  Input  Rale  W Part-Load  Ratio 


Purl  1 oad  Ratio 

l leelrual  Power  ■ . i 

1 lectrical  Power 

\ctual  1 rcuicieu 

1 uel  Input  Kate 

l uel  Input 

1 n 

un 

2«jo 

75 

>5 

:?: 

2^ 

177 

174 

( .leltKients  \j 

144,  \2  \.j  lti4 

1 able  U 

Jacket  Heal  Rale  Luel  Input  Rale  Vs. 

Part-Load  Ratio 

Part'l.oaJ  Ratio 

Jacket  Ileal  Kale  . Jacket  Ileal  Kale 

Actual  PredicteU  * . •.  * ■ ' ' 

l uel  Input  Rate  1 uel  Input  Kate 

i II 

INK 

ISM 

.75 

1(.J 

.IM 

5M 

ns 

.1  >7 

25 

K‘»7 

047 

(tK’tiKicnis  Kj 


U4f>.  Ii2  l<3 


Table  10 

Lube  Heat  Rate/Fuel  Input  Rate  Vs.  Part-Load  Ratio 


Part-lAvad  Ratio 

Lube  Heat  Kate 

. Lube  Meat  Kate 

r fa*rl  li*  ti»il  - __ ..  . 

I'ucI  Input  Kale 

r 1 V UIV  IvU  ^ 

1 uel  Input  Kale 

1 (1 

104 

.104 

.75 

.tm 

.(Ol 

5 

.027 

.027 

25 

.020 

020 

(.lu-riklilltv:  t'l  - (l.ts.ta  11.016 


Table  1 1 

Exhaust  Heat  Rate/Fuel  Input  Rate  Vs.  Part-Load  Ratio 

Lart-LoaJ  Ratio 

Lxhaust  Meal  Kale  I xhaust  Heal  Kale 

A|.f|jri|  . _ . _ — l^fftsrllr'tasrl  _ ^ 

.'IX  ( U oi  — • IIIUILICU 

Fuel  Input  Kate  Fuel  Input  Kale 

I 0 

.102 

..704 

.75 

-.752 

.747 

.5 

416 

.421 

:s 

..S27 

..1 2.7 

( »u*ff JuontN  l)j 

660.  1>2  - 

601. 1)3  244 

Table  1 2 

Exhaust  Gas  Temperature  Vs.  Part-Load  Ratio 
Part  I oatl  Ratio  \itual  l-xhausl  Gas  t emperature  Hredleted  I sliaust  lias  Temperature 


I 0 

1014  K 

1019 

75 

446  "K 

49.7 

5 

444  "R 

970 

25 

XK4“R 

8 84 

fluientv  1 

, 746,12  .740,1,=  168 
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Unless  the  icsulls  of  systems  smnilalioiis  using  spe- 
eilie  eomponenl  data  diflei  substantially  from  the  gen- 
eite  stmulations  pievionsly  perfoimed,  previous  simu- 
lations need  not  be  repeated  lot  seleelmg  optimum 
eompoiient  si/es.  If  simulations  using  speeil'ie  eompon- 
enl data  indicate  a considerably  highei  energ>  con- 
sumption than  generic  simulations,  tins  probably  indi- 
c.itec  that  the  actual  components  simulated  are  not 
well  Mined  to  the  paiticular  cenlial  eneigy  sysieni.  In 
any  case,  it  huge  diffeieuccs  CMst , the  puiceduie  out- 
lined in  ( h.i|)lei  ' should  be  lepe.iled  lo  opiinn/e  Imal 

ilVNlj'll 

5 CONCLUSIONS 

\ Iasi,  ease  lo  use,  compuie'-.iided  method  loi  pie- 
disling  the  I'eiloiniance  ol  total  eneigy  and  selective 
eneiev  sv  stems  has  been  developed  Ibis  method  has 
been  iniegialed  wiib  an  oseiall  building  eneigy  aiialy- 
sis  tompulei  piogi.ini  winch  peimils  the  eneigy  and 
hle-kVile  sosi  aii.iUsisol  i.omeiilion.il  total  eneigy  se- 
levlive  eiieiiiy  and  solar  eneigy  sysienis.  as  well  as  the 
aiialvMs  ot  nnpa>l  ol  building  design  on  eneigy  con- 
Mimplion 

\|'ph  alums  ol  tills  melhod  wbub  mcoipoiales  the 
HI  \M  piiigiam  will  piovuU  the  t oips  ot  I ngmeeis 
Willi  ilie  . ap.ibilii\  ol  .lesignme  eneigc  lonsenative  la 
. limes  ind  as>e  siiig  the  poienli.il  s.ningsol  total  enei 
e\  s\ stems  ind  oibei  eneigc  konseis alion  options  m 
leiins  ol  both  dollars  and  luel 

K •suits  ol  Ibis  woik.  will  pioviile  a means  ol  comply  • 
ingwilh  iIk  It"  1)  issued  '/  ./ifi«  urroii  of /to/)  ( omrnn 
Iii'H  < nh  ru  Miiniul  4'"i>  I '/ 

6 FUTURE  PLANS 

llie  . onipiilei  aided  me lliodology  desiiibed  in  tills 
lepoii  will  be  lield  tested  dining  I > t oiKiiiieiilly  . 


the  BLAST  piogram  will  be  applied  lo  an  ongoing  total 
energy  study  by  an  0(T-.-designaled  District  OHice. 
The  lesults  of  user  lesponse  to  the  ease  ivilh  which  the 
program  can  be  applied  will  be  compiled,  and  a report 
of  these  results  will  be  prepared.  Included  in  the  report 
will  be  a plan  for  both  the  widespread  nnplenienlation 
of  the  BLAST  program  and  the  development  ol  the 
necessary  liammg  and  user  suppoil  activities. 
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